ABSTRACT
Introduction
Diabetes mellitus (DM) is considered to be a public health problem worldwide, and it is associated by high morbidity and mortality rates 1, 2 . Failures observed in the healing process of diabetic patients' wounds are the major source of complications associated with surgical procedures involving increased risk for dehiscences, leakages, and infections 3, 4 . DM causes impairment of immune cells, causing difficulties in the process of tissue repair, which occur in the initial stages of the healing process, where increased inflammation, decreased vascular proliferation and an altered function and properties of monocytes, macrophages, and fibroblasts are observed 5, 6 . Wound remodeling phase is also altered in DM, where the process of organization of the collagen deposited in the scars is defective 7 .
Long-term studies have shown that hyperglycemia control plays an important role in the genesis and development of chronic diabetic complications 8 , and it can also improve alterations in the tissue repair process. Additionally, emphasis has been given to the application of therapeutic resources that can enhance blood circulation in the wounded area, specifically in the skin 9 . Among such resources, the stimulation of tissues by continuous electric current, associated with ion administration (iontophoresis) has been widely used in clinical practice and in experimental studies, with several therapeutic purposes, including the localized calcium deposits, tendinitis and tenosynovitis, hyperhidrosis, myospasms, joint arthrosis, tissue adherence, keloids, rheumatoid arthritis, fungal infection, lymphedema and wound healing 10, 11 .
Transdermal iontophoresis (TDI) is a non-invasive
technique that uses a lower electric current potential than five volts, with current intensities oscillating between 0.1 and 1 mA/cm 2 . It has the purpose to facilitate the transfer of ions and substances through the corneal layer of the skin in a controlled fashion.
Among the advantages of the technique, reduced risk infection and the possibility of administering the drug directly to the affected site, thus minimizing its adverse systemic effects, are noteworthy. TDI is also an alternative form to the injectable route;
it is painless and less traumatic. 
Methods

Animals and diabetes induction
Use of laboratory animals followed the ethical code 
Analyzed parameters
At the beginning of the experiment (14th day of followup or diabetes onset) and at each time point of follow-up, clinical
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Breaking strength and hydroxyproline content measures
To measure the breaking strength of scars, all sutures were removed and a rectangular segment of the skin, measuring 1.5 cm in length by 0.8 cm in width with the incision in the center, was carefully removed. Then, the segment was pulled at both ends by two claws until breaking by using a universal machine for biomechanical assays (EMIC, DL 10,000 model -Sao Paulo, Brazil). Figure 2 illustrates the sequence of procedures used. 
Results
Clinical and laboratory findings
Non-diabetic rats (G1, G3) showed clinical and laboratory parameters that were compatible with those observed for normal animals of the same lineage in all periods of evaluation in the experiment. In contrast, untreated diabetic rats (G2, G4) without any treatment for the disease developed with accentuated body weight loss and significantly increased water intake, food intake and diuresis as compared with non-diabetic control animals (p<0.001). The levels of blood glucose and glycosylated hemoglobin were also high in diabetic rats from the both groups, and the values for plasma insulin were significantly low (p<0.001). Figures 3 and 4 show the clinical and laboratory findings. 
Biomechanical assays and tissue OH-P content
The breaking strength of scars in the skin of non-diabetic control and untreated diabetic rats, with or without treatment of the surgical incision with Zn + TDI, did not show statistically significant differences on the 4th postoperative day.
However, untreated diabetic rats, with or without treatment of the surgical incision, showed significant lower breaking strength values than those observed for non-diabetic control rats (p<0.05), on the 7th, 14th and 21st postoperative days. In turn, zinc sulphate, administered by TDI, significantly increased the breaking strength of surgical scars produced in the skin of non-diabetic control (G3) and untreated diabetic (G4) rats when compared to their respective controls without any incision treatment in the same periods (Table 1) .
Despite the breaking strength variations, there were no significant differences in values of the tissue OH-P content in the skin scars of non-diabetic or untreated diabetic rats at any time point of the postoperative follow-up. ns G1=G2=G3=G4 on the 4th day (p>0.05) *G2<G1 on the 7th, and 14th days (p<0.05) and on the 21st day (p<0.01); G2<G4 on the 7th,14th, and 21st days (p<0.001); G4<G3 on the 7th,14th, and 21st days (p<0.001)
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Discussion
Transdermal iontophoresis (TDI) is a technique used to improve the penetration of chemical compounds through skin using low-amperage continuous electric current 14 . After that period, the wound healing areas were estimated, and, in total, almost 100% repair was obtained in relation to the initial findings. The therapeutic validity of the proposal, however, could not be confirmed due to the lack of subsequent studies.
In our study, the intensity of the electric current used was in accordance with the rule suggested by others 19 , who determined doses of 0.1 to 1 mA per area of the electrode in square centimeters
, and the ratio of 0.3 to 0.5 mA/cm 2 is the most frequently described in clinical studies using iontophoresis in humans.
Nevertheless, since the size of the electrode must be compatible with the target area to be treated, occasionally, the current intensity used may reach values that predispose patients to risk for topical skin irritation and burns determined by the stimulation of free nerve terminations. The target electrode used in our study had 4 cm in height by 2cm in width, that is, an area corresponding to 8 cm².
If the proposed method, preconizing 0.3mA/cm², were used, the amplitude of 2.4 mA would be reached. Due to the milliamperage provided by the equipment, we preconized a dose of 2 mA, which was not associated with any tissue damage in the animals' skin.
Despite the low values for breaking strength in the scars of diabetic animals in this study, the variation in the amount of tissue hydroxyproline present in these scars was not observed. This fact suggests that the healing defects observed in diabetic individuals may be much more dependent on the level of organization and maturation of the collagen deposited in the scars than, in fact, on its content.
Ortolan et al. 7 observed that, despite the inexistence of alterations in the amount of hydroxyproline present in anastomoses in the small and large intestines of alloxan-induced diabetic rats, the collagen deposited in the scars shows to be totally disorganized, little dense and composed of immature collagen fibers even in the later phases of the healing process. Similarly, these alterations may also be present in the incisions produced in the skin of the diabetic animals in this study, thus explaining the reduced mechanical resistance of their scars in the earlier healing phases. However, further studies are required to confirm the issues raised here.
Conclusion
The topical application of zinc sulphate administered by transdermal iontophoresis in surgical incisions produced in the skin of untreated diabetic animals improves mechanical resistance in the scars in the most vulnerable phases of healing to dehiscences and infections without imposing risk or undesirable effects to the animals. These observations may open perspectives for the conduction of translational studies with the purpose to minimize healing defects of surgical wounds in diabetic patients.
